The study of cognitive processes in anorexia nervosa (AN) is largely unexplored, although recent evidence suggests the presence of impairments in both social cognition and attention processing. Here we investigated AN patients' ability to orient attention in response to social and symbolic visual stimuli. AN patients and matched controls performed a task in which gaze and pointing gestures acted as social directional cues for spatial attention. Arrows were also included as symbolic cue. On each trial, a centrally-placed cue appeared oriented rightwards or leftwards. After either 200 or 700 ms, a lateralized neutral target (a letter) requiring a discrimination response appeared in a location either spatially congruent or incongruent with the directional cue. Controls showed a reliable orienting irrespective of both temporal interval and cue type. AN patients showed a reliable orienting at both temporal intervals only in response to pointing gestures. Both gaze and arrow cues failed to orient attention at the short temporal interval, that is when attention is under reflexive control, whereas a reliable orienting emerged at the long temporal interval. These results provide preliminary evidence of altered reflexive orienting of attention in AN patients that does not extend to body-related cues such as pointing gestures.
Introduction
Anorexia nervosa (AN) is a severe psychiatric disorder which is mainly characterized by a drastic food restriction and a difficulty to maintain a healthy body weight (e.g., Fairburn and Harrison, 2003; Hebebrand and Bulik, 2011) . As a consequence, mortality rates among patients with AN is also dramatically high (e.g., Zipfel et al., 2000; Birmingham et al., 2005; Arcelus et al., 2011) . Besides the understandable great interest about the clinical aspects of this disorder, such as causes, diagnosis and treatment (e.g., Schmidt and Treasure, 2006; Bulik et al., 2007; Treasure et al., 2010) , less efforts have been made to investigate cognitive processes in patients with AN. This lack of empirical studies becomes particularly evident with regard to attentional processes. So far, a number of studies aimed to investigate attention in AN focused on selective attention for biological and social stimuli specifically related to AN, such as food or bodies, revealing the presence of an attentional bias towards these stimuli, at least under some circumstances (e.g., Brooks et al., 2011; Giel et al., 2011; Urgesi et al., 2012; Aspen et al., 2013; Urgesi et al., 2013; Kim et al., 2014) . Interestingly, no studies have explored the impact of social stimuli onto orienting of attention in AN. This is somewhat surprising, as the ability to shift the attentional focus in response to spatial cues provided by others represents a key feature of human behaviour (e.g., Baron-Cohen, 1995) which has been shown to be impaired in AN patients, leading them to poor interactions with other individuals (Cipolli et al., 1989; Kucharska-Pietura et al., 2004; Cserjesi et al., 2011) . This 'social attention' has been widely investigated in healthy participants by using a modified version of the spatial cueing paradigm (e.g., Posner, 1980) , in which eye gaze is used as a directional cue for attention instead of the classic arrow. This is known as the gaze-cueing paradigm (Friesen and Kingstone, 1998; Driver et al., 1999) . Typically, this consists of presenting participants with a task-irrelevant centrally-placed facial stimulus with gaze averted either rightwards or leftwards. After a certain temporal interval (Stimulus Onset Asynchrony, SOA), a target requiring a response appears in a spatial location which can be either congruent or incongruent with that indicated by gaze. Typically, lower reaction times (RTs) are observed on congruent rather than on incongruent trials, a result which is interpreted as evidence that gaze cues oriented attention effectively. Indeed, it is assumed that, on spatially congruent trials, participants shift their attention to the target location in advance being pushed by the task-irrelevant directional cue. The gaze-cueing paradigm has been successfully employed both in healthy and in clinical populations, other than patients with eating disorders, to investigate many different aspects concerning social attention and social cognition and how their dysfunction influences pathogenesis or maintenance of psychopathology (e.g., Senju et al., 2004; Frischen et al., 2007; Kuhn et al., 2010; Galfano et al., 2011; Dalmaso et al., 2012; Liuzza et al., 2013; Marotta et al., 2013; Dalmaso et al., 2014) .
Importantly, evidence is accumulating suggesting that AN patients show impairments in several mechanisms involved in social cognition (Caglar-Nazali et al., 2014) , which led some authors to hypothesize a link between AN and autism spectrum disorders (e.g., Zucker et al., 2007; Oldershaw et al., 2011 ; but see also Adenzato et al., 2012) . More specifically, it seems that AN patients would be less sensitive to social signals provided by other's face, such as emotional states (e.g., Kucharska-Pietura et al., 2004; Cserjesi et al., 2011) . Furthermore, they would also tend to avoid eye contact with other individuals (Cipolli et al., 1989) , exhibiting, instead, an exaggerated tendency to attend to the body of others . Interestingly, impairments in the processing of eye gaze stimuli have been reported in another psychiatric disorder associated with deficits in social cognition, namely schizophrenia (e.g., Tso et al., 2012) . In the domain of attentional processes, schizophrenic patients fail to show a reliable cueing of attention in response to eye gaze as compared to symbolic cues (e.g., an arrow; Akiyama et al., 2008) or pointing gestures (Dalmaso et al., 2013) , another social cue which is known to elicit reliable shifts of attention in healthy individuals (e.g., Cazzato et al., 2012; Porciello et al., 2014) , despite it does not possess the same communicative richness as eye gaze.
The present study represents the first attempt to investigate spatial cueing of attention in response to social stimuli in AN patients as compared to a matched group of healthy controls. To this end, schematic eye gaze and pointing gestures were employed as social cues in a spatial-cueing task. In addition, arrow cues were also included in order to disentangle between social and symbolic cueing of attention (see also Kuhn and Kingstone, 2009; Galfano et al., 2012) . Finally, we included two different SOAs (i.e., 200 ms vs. 700 ms), in order to explore the time course of attentional shifting elicited by these cues, as a short SOA is known to tap onto reflexive attentional control, whereas at longer SOAs more controlled processes are thought to intervene (Müller and Rabbitt, 1989) . As for healthy controls, we expected to observe reliable orienting of attention (i.e., lower RTs on congruent than on incongruent trials) irrespective of both SOA and cue type (e.g., Dalmaso et al., 2013) . Indeed, task-irrelevant centrally-displayed cues elicit significant spatial cueing effects even at SOAs longer than those used in the present study (e.g., Frischen and Tipper, 2004; Galfano et al., 2012) . Based on the notions discussed above, in the case of AN patients, a different pattern of results was expected in relation to gaze cues. Indeed, we predicted a reduced orienting of attention to gaze signals (i.e., no or reduced difference between RTs on incongruent and congruent trials), confirming the alterations reported in AN patients in dealing with this stimulus (e.g., Cipolli et al., 1989) . Pointing gestures and arrow cues enabled us to test two additional hypotheses, namely whether attentional deficits extend over other social cues (i.e., pointing gestures) and whether deficits involve higher-order cognitive domains and extend to the processing of symbolic signals (i.e., arrows). All participants had normal or corrected-to-normal vision, were naive as to the purpose of the experiment and took part on a voluntary basis. The Ethics Committee for Psychological Research at the University of Padova approved the study, and an informed consent was obtained from all participants.
Methods

Participants
Clinical measures
AN patients had several clinical measures available which consisted of self-reported tests (see Table 1 ). The Beck Depression Inventory (BDI-II; Beck et al., 1996) was used to assess the severity Garner and Garfinkel, 1979) and the Eating Disorder Examination Questionnaire (EDE-Q; Hilbert et al., 2007) were used to assess eating disorders; the Symptom Checklist-90-Revised (SCL-90-R; Derogatis, 1994) was used to assess a broad range of psychological problems and symptoms related to psychopathology.
Stimuli and apparatus
Three different stimuli were used as cues and presented in white against a black background in three distinct blocks of trials (see Fig. 1 ). Cue type was blocked to maximize the likelihood of obtaining significant cueing effects for each cue type. Indeed, previous evidence (Pavan et al., 2011; Zhao et al., 2014) suggests that gaze cueing might be sensitive to contextual factors, such as the presence of other cueing stimuli within the same block of trials. In the arrow-cue block, the cue was an arrow (3.8°w idth Â 1.6°height) oriented either leftwards or rightwards; in the pointing gesture-cue block, the cue was a schematic pointing gesture (3.8°width Â 1.6°height) oriented either leftwards or rightwards; in the gaze-cue block, the cue was a schematic face (6°o f diameter) with gaze averted either leftwards or rightwards. The area covered by the eyes was 3.8°width Â 1.6°height, which made the three cue stimuli comparable in size (for a similar logic see Dalmaso et al., 2013) .
Participants sat approximately 57 cm from a 15-in. laptop monitor (1024 Â 768 pixels, 60 Hz). Stimulus presentation and data recording was controlled using E-prime 2.0 (Psychology Software Tools, Pittsburgh, USA).
Procedure
Each trial began with a fixation cross (1°) visible for 675 ms at the centre of the screen, followed by a central pre-cue. In both the arrow-cue and the pointing gesture-cue blocks, the pre-cue was the arrow cue without the head and the pointing gesture cue without the hand, respectively. In the gaze-cue block, the pre-cue was the gaze cue without the pupils. After 900 ms, the pre-cue was replaced by the cue, namely the arrow, pointing gesture or gaze cue indicating either rightwards or leftwards. After either a 200-ms or 700-ms SOA, a target letter (L or T, 28-point Arial bold font) appeared 9°rightwards or leftwards with respect to the centre of the screen. Two different SOAs were used to investigate the time course of attention shifting elicited by the different cues. On each trial, both the cue and the target remained visible until the participant responded or 3000 ms were elapsed, whichever came first. The target was either spatially congruent or incongruent with respect to cue direction with the same probability. Participants were told that cue direction was uninformative with regard to target location and they were instructed to maintain fixation at the centre of the screen throughout each trial. They were asked to discriminate the target letter by pressing one of two possible response keys on the keyboard as fast as possible. The association between response keys and target letters was counterbalanced between participants. The red words "ERROR" and "NO RESPONSE" were presented for 500 ms when participants committed an error or did not respond within the time limit (i.e., missed response), respectively. Finally, a blank screen appeared for 1000 ms. Order of blocks was randomized separately for each participant, and cue type was constant within each block. Each experimental block was composed of 128 trials and was preceded by a practice block composed by 10 trials. In total, each participant went through 384 experimental trials (i.e., 32 observations per cell). The entire session required about 45 min.
Results
Data pre-processing
Trials in which participants committed errors (2.46% of total trials) were removed and analysed separately. Missed responses were rare (0.13% of total trials) and were not analysed further. Because raw RT data of correct trials were positively skewed, they were log-transformed (log e ) in order to obtain a more normal distribution of values without the need to remove observations (see Howell, 2010) . However, for ease of interpretation, descriptive statistics are reported as untransformed mean RT. Data were analysed by using the SPSS 22 software (IBM Corporation, Armonk, New York, USA). Alpha level was set at 0.05.
Data analysis
Reaction time analysis
Firstly, we checked whether performance was different in the two groups. To this purpose, RTs were analysed by means of an omnibus mixed-design repeated-measure ANOVA with cue-target spatial congruency (2: congruent vs. incongruent), cue type (3: arrow vs. pointing gesture vs. gaze) and SOA (2: 200 ms vs. 700 ms) as within-participant factors, and group (2: AN patients vs. healthy controls) as between-participant factor. The main effect of cue-target spatial congruency was significant, F(1, 44) ¼0.069, suggesting that performance between the two groups was different and that they were differently affected by the directional cues as a function of temporal parameters. No other main effects or interactions were significant (Fs o1.318, ps 40.273). In order to clarify the meaning of the four-way interaction, two separate repeated-measure ANOVAs were conducted for the two groups with cue-target spatial congruency (2: congruent vs. incongruent), cue type (3: arrow vs. pointing gesture vs. gaze) and SOA (2: 200 ms vs. 700 ms) as within-participant factors.
As for the control group, we expected to observe a reliable orienting of attention irrespective of both SOA and cue type. The main effect of cue-target spatial congruency was significant, F(1, 22) ¼40.675, p o0.001, η 2 p ¼ 0.649, indicating lower RT for congruent (M ¼590 ms, SD ¼99) than for incongruent (M¼ 612 ms, SD ¼108) trials. The main effect of SOA was significant, F(1, 22) ¼ 27.654, p o0.001, η 2 p ¼0.557, indicating lower RT at the long (M ¼589 ms, SD ¼109) than at the short (M ¼613 ms, SD ¼99) SOA. The main effect of cue type was also significant, F(2, 44) ¼4.886, p¼ 0.012, η 2 p ¼ 0.182, reflecting lower RT in response to pointing gesture (M ¼578 ms, SD ¼97), followed by arrow (M¼ 609 ms, SD ¼111) and by gaze (M ¼616 ms, SD ¼ 120). The cue-target spatial congruency Â SOA interaction was not significant, F(1, 22) ¼2.886, p¼ 0.103, η 2 p ¼0.116, although orienting was slightly stronger at the longer (26 ms) than at the shorter (18 ms) SOA, consistent with several previous reports (e.g., Driver et al., 1999; Dalmaso et al., 2014) . The theoretically irrelevant cue type Â SOA interaction was significant, F(2, 44) ¼3.534, p ¼0.038, η 2 p ¼ 0.138. Most importantly, neither the cue-target spatial congruency Â cue type interaction (F¼1.606, p ¼0.212) nor the cue-target spatial congruency Â cue type Â SOA interaction (Fo 1, p ¼0.703) were significant. Indeed, the simple effect analysis showed that, in line with our hypothesis, healthy controls oriented their attention in response to all cues irrespective of SOA (Fs 44.164, ps r0.05; see Fig. 2) .
As for AN patients, a different pattern of results was expected, namely that cue type modulated orienting of attention. In particular, we expected to observe a reduced orienting of attention (i.e., a decreased cueing effect) in response to eye gaze. The main effect of cue-target spatial congruency was significant, F(1, 22)¼ 22.005, po 0.001, η 2 p ¼0.500, owing to lower RT on congruent (M ¼728 ms, SD ¼218) than on incongruent (M¼ 750 ms, SD ¼228) trials. The main effect of SOA was also significant, F(1, 22) ¼41.150, p o0.001, Simple effect analysis at the short SOA indicated that AN patients oriented their attention in response to pointing gesture, F(1, 22) ¼11.592, po 0.005, but not in response to both gaze and arrow cues, Fs o1, whereas at the long SOA, AN patients oriented their attention in response to all types of cues, (Fs 44.614, ps o0.05). No other main effects nor interactions were significant (Fs o1, ps 40.444). In order to provide additional evidence for the lack of attentional cueing in response to gaze and arrow stimuli for the 200-ms SOA, we computed also the Bayesian Information Criterion (BIC). This approach is particularly useful for dealing with the null hypothesis (i.e., α levelZ0.05) appropriately, as it disentangles whether the null hypothesis (i.e., lack of attentional cueing in the present study) or the alternative hypothesis (i.e., the presence of attentional cueing) is more corroborated by the data. Here, BIC values higher than 0.50 indicate that there is more evidence for the lack of attention cueing rather than for its presence, whereas values lower than 0.50 indicate the opposite. The analysis showed that the posterior probability supporting the hypothesis that gaze cueing was absent in AN patients was p BIC (H 0 │D)¼0.775. Similarly, the posterior probability supporting the hypothesis that arrow cueing was absent in AN patients was p BIC (H 0 │D)¼0.827. The obtained posterior probabilities strengthen the conclusion that no orienting of spatial attention occurred in AN patients for both gaze and arrow cues at the short SOA. In sum, AN patients did not show orienting of attention in response to both gaze and arrow cues at the 200-ms SOA. In all the other conditions, a reliable orienting of attention emerged.
3.2.1.1. Correlations between spatial orienting and demographic/ clinical measures. In order to investigate possible relationships between spatial orienting and demographic/clinical measures of AN patients, we calculated an index of the magnitude of spatial orienting (i.e., RT on incongruent trials-RT on congruent trials) divided by SOA and cue type. Because of the well-known comorbidity of AN and depression, we first examined the correlation between spatial orienting and BDI-II scores. No significant effects emerged (ps 4 0.157). Similarly, spatial orienting was not correlated with BMI index, age of illness onset, duration of illness, and the other clinical test measures reported in Table 1 (ps 4 0.05).
Errors analysis
The percentage of errors was analysed through an omnibus mixed-design repeated-measure ANOVA identical to that adopted for RT analysis. The main effect of cue type was significant, F(2, 88) ¼4.001, p ¼0.022, η 2 p ¼0.083, indicating more errors in response to gaze (M¼ 2.97%, SD ¼5.23), followed by pointing gesture (M ¼2.48%, SD ¼4.35) and then by arrow (M¼1.92%, SD ¼3.51; see Table 2 ). No other main effects or interactions were significant (Fs o2.501, ps 4 0.121). Thus, speed-accuracy trade-off cannot account for the present findings.
Discussion
Despite AN is a psychiatric disorder associated to severe impairments in many aspects of social life (e.g., Zucker et al., 2007) , so far no evidence has been collected to investigate spatial cueing of attention in response to centrally-placed task-irrelevant directional cues. This ability is fundamental in that it allows an efficient interaction with the world around us. The present study represents the first exploratory attempt to study this phenomenon in AN patients. Schematic eye gaze and pointing gestures were used in a spatial-cueing task. Arrow cues were also included in order to explore whether deficits in attentional orienting, if any, extended to symbolic cues.
In healthy controls we expected a reliable spatial cueing regardless of both cue type and SOA (see also Cazzato et al., 2012; Dalmaso et al., 2013) . The overall results confirmed this hypothesis, as spatial orienting occurred for all cues at all SOAs.
In sharp contrast, in AN patients we expected to observe a reduced cueing effect to gaze signals. Furthermore, we were also interested to explore whether this altered response extended to other social cues (i.e., pointing gestures) and whether it involved even higher-order cognitive domains, embracing also symbolic signals (i.e., arrows). The results showed that spatial cueing of attention was modulated by both cue type and SOA. As concerns social cues, on the one hand pointing gestures elicited reliable orienting at both SOAs. On the other hand, eye gaze did not elicit Table 2 Mean RT (ms) for correctly responded trials and percentage of errors (%E) for all the experimental conditions. attentional shifts at the shorter SOA whereas a reliable orienting emerged at the longer SOA. Interestingly, the same pattern observed in the case of eye gaze also emerged for arrow cues. The fact that spatial cueing of attention at the short SOA was reduced for both gaze and arrow cues can be interpreted as consistent with the view that the type of alteration characterizing orienting of attention in AN patients is rather general, involving both social and symbolic signals. No such alteration, however, was observed in the case of pointing gestures. One possibility to account for this latter finding is related to AN patients' biases in processing body parts and body-related stimuli (e.g., Shafran et al., 2007; Urgesi et al., 2012; Madsen et al., 2013) . For instance, in a recent eyetracking study, Watson et al. (2010) reported that AN patients tend to fixate body parts much longer than face and eyes, when exploring visual images. In line with this set of findings, the observation that AN patients exhibit a regular orienting of attention in response to pointing gestures may indicate that these stimuli represent a category (body parts) characterized by a special attentional priority. A critical test of this hypothesis can be obtained by using other types of spatial cues related to body parts such as body orientation, and verify whether AN patients display a reliable spatial cueing effect also with these body-related cue stimuli. Importantly, the fact that AN patients showed a reduced gaze-and arrow-mediated orienting only at the 200-ms SOA argues in favour of an impairment specific for reflexive processes, which are more likely to operate in isolation at particularly short SOAs (Müller and Rabbitt, 1989) . This finding suggests that gaze and arrow stimuli take time to exert their effects in pushing attention in AN patients, unlike in the case of healthy controls, who display very rapid, pervasive, and automatic attentional shifts irrespective of cue type. Although the present study does not provide any direct evidence about the involved neuroanatomical areas, results are consistent with the available knowledge concerning the brain structures that seem to be characterized by abnormal functioning in AN patients. The general alteration in attention shifting observed here may indeed be related to the reported abnormalities in functional connectivity concerned with networks which include the parietal lobe that are known to be heavily involved in visuospatial abilities (e.g., Favaro et al., 2012; Suchan et al., 2015 , for a review). The fact that orienting mediated by pointing gestures was relatively spared in AN patients may on the other hand be associated with alterations that have been reported involving extra-striate areas that are known to respond selectively to body-related stimuli (e.g., Zhu et al., 2012) .
In the context of other neurobehavioural disorders, studies addressing spatial attention have established that gaze cueing of attention is abolished in patients suffering from attention deficit hyperactivity disorder (Marotta et al., 2013) . Because performance was comparable to that observed in matched controls for arrowmediated orienting, the authors interpreted this finding as evidence for a deficit in responding to socially relevant information. This type of paradigm has also been administered to patients who are specifically known to show difficulties in dealing with social stimuli. On the one hand, evidence has been provided showing that individuals with autism spectrum disorder often exhibit a reduced response for gaze cues (e.g., Ristic et al., 2005; Goldberg et al., 2008 ; but see Kuhn et al., 2010) . On the other hand, schizophrenic patients tend to display alterations for gaze cueing in the presence of a spared arrow-cueing effect (Akiyama et al., 2008) . Critically, this pattern in gaze cueing has also recently been observed in combination with a spared performance for pointing gestures (Dalmaso et al., 2013) . Considering the present set of data in light of the findings emerged with other psychiatric disorders, it seems reasonable to interpret the observed pattern in AN patients as suggesting a rather different type of alteration. It could then be argued that the present data speak in favour of the possibility that autism, schizophrenia and anorexia nervosa, although heavily involving a common cognitive domain related to social competence (e.g., Zucker et al., 2007; Oldershaw et al., 2011; Caglar-Nazali et al., 2014) , exhibit a different cognitive profile associated with the ability to shift attention in response to spatial signals characterized by variable social relevance.
Limitations of the study and future directions
As in any experimental study, potential limitations can be identified which may serve as a guidance for future research. As for the procedural aspects, because we used a pre-cue which preceded the actual cue providing the spatial information, this might have led to an additional effect due to apparent movement. Although this choice was aimed to bolster ecological validity of the social stimuli, follow-up studies might directly address this issue by presenting the spatial cue in isolation. Other relevant issues concern the characteristics of our sample. Firstly, because most of AN patients who took part in the present study were medicated, we cannot rule out the possibility that medication played a role in the results. Further studies would benefit from including a control group allowed to have a psychotropic medication. However, it should also be noted that, if medication had an overall impact on orienting of attention in the present study, this should have emerged irrespective of cue type. In contrast, at least at the 200-ms SOA, cue type modulated attentional orienting and there was evidence for attention shifting only for pointing gestures. A further suggestion for future studies would be to include a control sample of individuals with a diagnosis of major depression in the absence of AN. Because of the well-known comorbidity of AN and depression, although participants in our clinical sample had no board-certified diagnosis of major depression, we nonetheless administered the BDI-II. Because the correlation between BDI scores and our measure of attentional orienting was not statistically significant, we can reasonably rule out the possibility that depression played a major role in the present findings. Future studies might also take individual levels of anxiety and social phobia into account, as these may be related to the way participants appraise and evaluate cueing stimuli. Another line of investigation might focus on the specific characteristics of the cueing stimuli. On the one hand, manipulating affective valence (e.g., positive and negative emotions) of the cueing and target stimuli may be important to unveil the interplay between basic attentional and emotional processes in AN patients. On the other hand, manipulating familiarity with the cueing stimulus may be critical to address whether in the current study the level of previous exposure to the different types of cues might have affected the obtained findings. Finally, as anticipated earlier, using other social and body-related cues known to elicit attentional shifts in healthy respondents (e.g., body orientation, biological motion), might also shed light on the cognitive underpinnings of attentional processes that are extremely important in everyday life but are still largely unexplored in the case of AN.
Conclusion
The present findings highlight two key elements: on the one hand, deficits among AN patients can be observed in relation to the more rapid and reflexive responses to eye and arrow cues; on the other hand, the adopted paradigm enabled to show that the processing of body parts such as pointing gestures is spared, likely indicating the intrinsic relevance of these cues for AN patients. The study of attentional impairments can thus provide important insights about the domains in which AN patients do process relevant information differently from healthy population and, more specifically, about what type of stimuli are primarily involved. On the same line, the analysis of the development of attentional processes in AN patients might provide additional hints about the domains in which clinical protocols can actually lead to a significant improvement (e.g., Shafran et al., 2008) . For instance, Attentional Bias Modification Trainings have been put forward for treating anxiety (Hakamata et al., 2010) or phobias (e.g., Heeren et al., 2012) and similar intervention strategies might also prove effective in the case of AN. In summary, the present study opens a new window on the cognitive profile underlying AN patients that could be useful for rehabilitation and suggests that research on eating disorders should not be limited to using materials that are considered as relevant for the disorder such as food or body weight-related stimuli.
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